The Pacific Exploratory Mission to the Tropics phase B (PEM-Tropics B) aircraft campaign in March-April 1999 surveyed the chemical composition of the Pacific atmosphere from 35øN to 35øS and up to 12 km altitude. We use these observations in combination with a global three-dimensional model driven by assimilated meteorological observations to investigate the transport of northern hemispheric pollutants over the Pacific. We focus on carbon monoxide (CO) and tag it in the model by its region of origin. The model reproduces the observed largescale latitudinal, longitudinal, and vertical gradients of CO concentrations over the Pacific. Biomass burning in Southeast Asia, which was particularly intense in spring 1999, contributed most of the CO enhancements observed in the free troposphere over the northern tropical Pacific but played only a minor role in the boundary layer. Fossil fuel combustion in Europe and Asia contributed most of the observed CO enhancements in the boundary layer over the North Pacific; the European influence dominated over Asian influence north of 35øN. European influence over the Pacific is particularly strong in spring because of wintertime accumulation of CO at high latitudes. North American pollution made little contribution to CO anywhere over the Pacific. Circulation of Eurasian industrial pollution around the Pacific High and into the trade winds produced a tropical "river of pollution" flowing in the lower troposphere from the northeastern to the western equatorial Pacific and in the vicinity of the South Pacific Convergence Zone. This pathway, however, made little contribution to interhemispheric exchange. Elevated concentrations observed for CO and other northern hemispheric tracers in the upper troposphere over the southeastern Pacific provide evidence for efficient interhemispheric exchange through a narrow region of upper tropospheric westerlies in the eastern equatorial Pacific (the "westerly duct"). We find that this westerly duct was the most important pathway for global interhemispheric exchange during PEM-Tropics B. It was particularly well developed because of the La Nina conditions.
ating out of California, Hawaii, Christmas Island, Fiji, Tahiti, and Easter Island. Flights during P EM-Tropics B extensively surveyed the Pacific from 40øS to 40øN with numerous vertical profiles. The P EM-Tropics B observations complement those obtained during previous GTE campaigns over the Pacific, namely, PEM-Tropics A , which surveyed a similar domain during August-September 1996, and PEM-West A and B [Hoell et al., , 1997 , which characterized outflow from Asia over the northwest Pacific during August-September 1991 and February-March 1994, respectively.
In this study, we examine the long-range transport and continental signatures of combustion effluents over the North and South Pacific by interpreting the PEM-Tropics B aircraft observations with a global threedimensional (3-D) chemical transport model (CTM) driven by assimilated meteorological observations. Our analysis focuses on a simulation of carbon monoxide (CO), a product of both fossil fuel combustion and biomass burning. Carbon monoxide is removed from the atmosphere mainly by oxidation by the hydroxyl radical (OH). The atmospheric lifetime of CO ranges from about a month in the tropics to over a year at high latitudes in winter, long enough to allow significant intercontinental and interhemispheric transport yet short enough to maintain high variability in the distribution.
The atmosphere over the North Pacific is expected to be heavily impacted by circumpolar westerly transport of pollutants emitted from the northern midlatitudes continents (Europe, North America, and Asia).
Over the Pacific this westerly flow curves southward and subsides around the subtropical Pacific High, delivering pollutants to the tropics [Merrill, 1989] [Arkin, 1982] . Past studies have found that this northwesterly flow in the eastern Pacific upper troposphere is associated with elevated perturbation kinetic energy and enhanced propagation of Rossby waves into the southern hemisphere lArkin and Webster, 1985; Tomas and Webster, 1994]. We will use the P EM-Tropics B observations over the southern tropi- cal Pacific to show that the same propagation mechanism applies to chemical tracers, and we will assess the corresponding contribution to global interhemispheric exchange.
Observed CO Distribution
During PEM-Tropics B were 30% larger than the 20-year average during 1999, mostly due to intense burning in India where there were 5 times as many fire counts during 1999 than during either of the previous 2 years of observations. Burning in Central America was 40% less than average, while burning in other regions was close to average. The distribu- tion of anthropogenic CO emissions in the •nodel from fossil fuel, biofuel, and biomass combustion is shown in Figure I for the PEM-Tropics B period and regional emission totals for these different sources are summarized in Table 1 [Raatz, 1989] . Export from Europe has been shown to have a large impact on wintertime pollutant levels in the Arctic boundary layer [Christensen, 1997; Novelli et al., 1998 ]. During winter, CO is chemically inert in the Arctic and can accumulate to high levels. It is eventually transported southward to the Pacific in the eastern branch of the Siberian High and from there around the Pacific High [Raatz, 1989; Merrill, 1989 ]. This transport mechanism enables European CO to have a large impact on the North Pacific atmosphere during spring, particularly in the boundary layer.
Model Description and Evaluation

The European contribution to fuel CO concentrations over the northeastern tropical Pacific is nearly as large as that from Asia, and it is larger at extratropical latitudes (Plate 3 and Table 2). During winter and early spring, long-range transport over the Eurasian continent is largely controlled by the Siberian High, which tends to confine surface emissions in the boundary layer and to carry air masses from Europe northward
The North American contribution to CO over the northeastern tropical Pacific is only 7%, even though North America is the closest continent to the region. North American fuel emissions (including biofuels) are about 25% less than those from Europe and nearly 50% less than those from Asia (Table 1) (10ø-34 ø N,  10ø-34ø N,  (6øS-6øN,  (10øS-6øN,  165ø-125øW bThe tropospheric column is defined as extending from 0 to 16 km altitude. Results are not sensitive to the specification of the top because stratospheric CO concentrations are low.
CThe boundary layer is defined as extending from 0 to 2 km altitude.
dlncluding fossil fuels and biofuels. eFrom oxidation of methane and isoprene. The CO source from oxidation of other hydrocarbons has been neglected in this analysis.
River of Pollution Across the
Equatorial Pacific
We (Figure 2 ). In contrast, Eurasian urban and industrial CO is transported at higher latitudes and in the lower troposphere, resulting in a longer lifetime and faster circulation around the Pacific High.
Interhemispheric Transport
Several mechanisms have been proposed to explain how air is exchanged between the hemispheres, includ- One way to quantify the relative importance of these three transport pathways to the southern hemisphere is to calculate the average rate that northern hemispheric tracers of fossil fuel combustion are transported through a wall situated at 20øS latitude. This latitude is chosen in order to isolate transport that incorporates northern hemispheric tracer into the southern hemispheric circulation.
The 
Summary
We have used a 3-D global chemical transport model driven by assimilated meteorology for the P EM-Tropics Observations from PEM-Tropics B provided an extensive survey of upper tropospheric composition in both the northern and the southern tropics over a broad range of longitudes. We used these data together with our model to identify mechanisms for interhemispheric exchange. We found that transport through the westerly duct of the eastern Pacific upper troposphere is a major contributor to global interhemispheric exchange, accounting for 40% of transport in the upper troposphere to the southern hemisphere of northern hemispheric fossil fuel CO during the PEM-Tropics B period. The effect of this mechanism is apparent in an enhancement of northern hemispheric pollution tracers in the equatorial upper troposphere of the southeastern Pacific as compared to the southwestern Pacific, both in the observations and in the model. Propagation of Rossby waves through the westerly duct has been shown previously to be the most effective during boreal winter and La Nina conditions. It thus appears that P EM-Tropics B occurred during conditions for maximum interhemispheric transport of trace gases by this mechanism. 
